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Abstract
Objectives: The aim of the present study was to measure serum and follicular fluid 25-OH vitamin D and glucose
levels in women who underwent IVF-ET treatment and to further investigate whether the circulating 25-OH vitamin
D and glucose levels correlate with IVF success.
Methods: This prospective observational study included 101 consecutive women who underwent 101 IVF-ICSI
ovarian stimulation cycles and were allocated to one of the three groups according to their follicular fluid 25-OH
vitamin D concentrations. Group A (n = 31) with less than 20 ng/ml, group B (n = 49) with vitamin levels between
20.1 and 30 ng/ml and group C (n = 21) with more than 30 ng/ml vitamin concentration.
Results: Follicular fluid vitamin levels significantly correlated with the quality of embryos in total (r = -0.27, p =
0.027), while the quality of embryos of group C were of lower quality as compared to those of groups A and B
(p = 0.009). Follicular fluid glucose levels were lower in women of group C as compared to the respective levels of
groups A and B (p = 0.003). Clinical pregnancy rate demonstrated in 14.5% in women of group C and 32.3% and
32.7% in groups A and B, respectively (p = 0.047).
Conclusion: The data suggests that excess serum and follicular fluid vitamin levels in combination with decreased
follicular fluid glucose levels have a detrimental impact on the IVF outcome.
Background
Animal and in vitro studies have shown that 25-OH
vitamin D may play a significant role in glucose toler-
ance through its effects on insulin secretion and insulin
sensitivity [1]. Few data exist about the role of 25-OH
vitamin D in reproduction. Insufficient levels during
pregnancy are potentially associated with increased risk
of preeclampsia, insulin resistance and gestational dia-
betes mellitus [2-4], while experimental data indicate
that 25-OH vitamin D insufficiency is critical for fetal
development, and especially for fetal brain development
and immunological functions [5]. Evidence has shown
that 25-OH vitamin D levels did not vary during the
phases of the menstrual cycle [6] while endometriosis
has been associated with higher serum levels of 25-OH
vitamin D [7]. The most advantageous serum 25-OH
vitamin D levels for its proper action appeared to be
30 ng/ml approximately [8], but the effects of higher
concentrations need to be addressed. However, the asso-
ciation of 25-OH vitamin D levels with embryo quality
and IVF outcome in IVF-ET treatments has not yet
been thoroughly investigated.
Regarding the glucose level in follicular fluid (ff), a
substantial utilization of glucose by the oocyte/cumulus
cells complex has been reported [9], suggesting a possi-
ble influence of ff glucose in the fertilization process.
Glucose is a pivotal metabol i t ef o rt h ec u m u l u so o c y t e
complex (COC) which provides substrates to the oocyte
for energy production [10]. It has been reported that the
oocyte is exposed to glucose levels at a percentage
between 31-82% of ff concentrations when the latter
concentrations are at physiological levels [11]. The
environment to which the COCs is exposed during
maturation affects oocyte development and therefore
subsequent embryonic development [12]. Impact of
altering levels of glucose metabolism on oocytes and
COCs function are likely to be a major cause for dimin-
ished oocyte competence and reduced fertility.
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glucose we aimed to measure serum and ff 25-OH vita-
min D and glucose levels in women undergoing IVF-ET
treatment in order to investigate whether 25-OH vita-
min D in combination with glucose concentrations have
any impact on the IVF outcome.
Methods
From January 2009 to August 2009 a total of 101 conse-
cutive women underwent 101 IVF-ICSI cycles. All
women studied, after ovarian stimulation, reached the
ovum pick up stage, but only 86 managed to reach
embryo transfer. All 101 women were allocated to one
of the three groups according to their ff 25-OH vitamin
D levels. Group A (n = 31), group B (n = 49), group C
(n = 21) with less than 20 ng/ml, 20.1-30 ng/ml and
more than 30 ng/ml ff vitamin levels, respectively. The
biological rationale for this categorization lays in the
fact that physiological serum 25-OH vitamin D levels
range between 20 and 30 ng/ml [8]. Upper or lower
concentrations have been characterized as hypervitami-
nosis D and hypovitaminosis D, respectively.
Study design
Our primary end point was to measure serum and ff 25-
OH vitamin D levels in combination with glucose con-
centrations in women undergoing IVF-ET treatment.
Secondly, providing availability of embryological data,
we investigated if circulating and ff 25-OH vitamin D
levels correlate with the IVF outcome.
Ovarian stimulation
All women received the same ovarian stimulation proto-
col. Briefly, ovarian stimulation was performed by
administration of recombinant FSH (Puregon®, Organon,
or Gonal-F® Serono) in a short GnRH agonist protocol.
Treatment started on day 2 of every woman’s menstrual
cycle with a FSH dose of 2-6 ampoules (75 IU each
ampoule) depending on the age of every woman. This
dose was given for 4 days and then it was modified
according to the ovarian response. When at least three
follicles reached a diameter of 17 mm, 5000 IU of
Human Chorionic Gonadotrophin (HCG) was adminis-
tered and 34-36 hours later, ovum pick up (OPU) was
performed under light sedation.
Fertilization, cleavage, pregnancy rates and assessment of
embryo quality
16-18 hours post-IVF/ICSI the fertilization percent,
expressed as ratio of oocytes with two pronuclei (2PN)
to the total number of injected oocytes, was scored.
Fertilization failure was indicated by the absence of
PN. Following cleavage of all normal fertilized oocytes,
morphological grade of all embryos was assessed
3 days post-OPU. Morphological grade was scored
numerically in terms of the blastomeres (4 to 8 blasto-
meres), grade of fragmentation (in scale 1 to 4 with
the fourth scale representing no fragmentation) and
irregularity of blastomeres (in scale 1 to 2 with the
second scale representing regular blastomeres). For
example, one embryo with 8 regular blastomeres and
no fragmentation would be assigned a total sum of 14
embryo score, while an embryo with 5 irregular blasto-
meres and 10-20% fragmentation (scale 2) would be
assigned a total sum of 8 embryo score. For every
patient, the cumulative embryo score (CES) was calcu-
lated by adding embryo score of each embryo and the
mean score of embryo quality (MSEQ) was obtained
by dividing the CES with the number of embryos
produced.
Three days post-OPU and after assessment of embryo
quality a maximum of three selected embryos (depend-
ing to the age or to the number of available embryos)
were transferred to the uterus.
Clinical pregnancy was defined when an intrauterine
sac was seen by ultrasound 3-4 weeks post-hCG.
Vitamin D and glucose measurement procedure
Blood samples were collected for 25-OH vitamin D
and glucose assessment during oocyte retrieval. All
blood samples were centrifuged at 1,000 g for 15 min,
and serum was stored at -20°C until assayed. Addition-
ally, ff was aspirated from each follicle, pooled from all
retrieved follicles and centrifuged (800 g for 15 min)
after which it should be clear and not contaminated
with blood. The ff was also stored at -20°C until
assayed. Serum and ff 25-OH vitamin D was measured
by the electrochemiluminescence immunoassay
(ECLIA) with analytical sensitivity of 0.2 μU/ml, using
a Modular Analytics E170 cobas e 601 Analyzer
(Roche Diagnostics GmbH, D-68298 Mannheim), while
s e r u ma n df fg l u c o s el e v e l sb yu s i n gac o l o u r i m e t r i c
enzymatic procedure, known as the exocinase method
(Olympus Life and Material Science Europa GmbH
(Irish Branch), Lismeeham, O’ Callaghan’s Mills, Co.
Clare, Ireland).
Statistical analysis
Pregnancy rates were compared between the three
groups with x
2-test. Numeric data were normally
distributed (one sample Kolmogorov-Smirnov test), and
statistical analysis was performed by one way analysis of
variance followed by Bonferroni post hoc testing. For
correlations between the parameters Pearson’s correla-
tion was used. P value less than 0.05 was considered
significant. All values are expressed as mean ± SD.
The statistical software package used was NCSS 2001
(Number Cruncher Statistical Systems, Kaysville, UT).
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Stimulation characteristics in terms of number of
ampoules used, number of stimulation days and number
of oocytes retrieved, were similar between the three
groups (Table 1). In 86 from the total of 101 women
studied, embryos were transferred on day 3 post-OPU.
T h er e m a i n i n g1 5w o m e n( g r o u pA :6 ,g r o u pB :7 ,
group c C: 2) did not have an embryo transfer due to
fertilization or cleavage failure. Characteristics, such as
age, and BMI, did not differ between the three groups
studied (Table 1). Serum vitamin levels of all women
studied were significantly correlated with ff vitamin
levels (r = 0.79, p < 0.001) (Figure 1), Moreover, ff vita-
min levels negatively correlated with embryo quality as
depicted in Figure 2 (r = -0.27, p < 0.05). This correla-
tion is reliably reflected in the significant differences in
embryo quality between the three groups, with group C
demonstrating the lower embryo quality (Table 1). Clini-
cal pregnancy rates of groups A and B were significantly
higher as compared to group C (Table 1). The ff vitamin
levels of women who achieved pregnancy were signifi-
cantly lower than those of women that did not become
Table 1 Baseline characteristics (mean ± SD) of the three groups of women studied
Patient Groups (ff vitamin D, ng/ml) P value
A (< 20) B (20.1 - 30) C (>30)
No of women 31 49 21 NS
Age (years) 35.76 + 5.8 36.35 + 4.5 36.58 + 5.8 NS
BMI (kg/m2) 23.8 + 2.6 24.2 + 3.1 24.5 + 3.5 NS
Serum vitamin D (ng/ml) 18.7 + 5.74 24.39 + 8.9 30.3 + 11.9 < 0.05
Serum glucose (mg/dl) 85.46 + 17.3 86.04 + 18.3 82.3 + 16.2 NS
ff glucose (mg/dl) 70.44 + 12.7 66.14 + 12.3 52.82 + 16.7 < 0.05
No of stimulation days 10.4 + 2.1 11.6 + 2.6 12.1 + 2.9 NS
No of FSH ampoules (75 IU each) 54.5 + 4.8 56.8 + 5.5 57.7 + 5.9 NS
No of oocytes 3.9 + 3.2 5.91 + 4.3 6.14 + 5 NS
CES 16.29 + 11.2 15.67 + 11.1 15 + 8.1 NS
MSEQ 7.96 + 2.6 7.02 + 2.5 5.6 + 3.6 < 0.05
CPR/woman 32.3% (10/31) 32.7% (16/49) 14.3% (3/21) < 0.05
CPR/ET 40% (10/25) 38.1% (16/42) 15.8% (3/19) < 0.05
NS: not significant, BMI: body mass index, ff: follicular fluid, CES: cumulative embryo score, MSEQ: mean score of embryo quality, CPR: clinical pregnancy rate, ET:
embryo transfer
Figure 1 Correlation between serum and follicular fluid vitamin
D concentrations in all women. The regression fit line is shown.
Figure 2 Correlation between the follicular fluid vitamin D
concentrations and the mean score of embryo quality (MSEQ)
of the women. The regression fit line is shown.
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Furthermore, there were no significant differences
between age and BMI values between pregnant and not
pregnant women.
A significant negative correlation between ff vitamin
levels and ff glucose levels was found (r = -0.25, p <
0.05). Moreover, ff glucose levels were significantly dif-
ferent (p < 0.05) between the three groups with group C
demonstrating the lower glucose levels (Table 1).
Discussion
Our results have shown that the vitamin D levels in the
ff were negatively correlated to the quality of embryos
and the higher values of vitamin D were associated with
lower possibility to achieve pregnancy.
Over the past decade the physiological role of 25-OH
vitamin D has been investigated extensively [13], but
data regarding its role in human reproduction are
scarce. More recently, Ozkan and colleagues [14]
reported that replete ff vitamin levels predicts the IVF
outcome, proposing therefore the beneficial role of
excess vitamin concentrations on endometrial receptiv-
ity, since 25-OH vitamin D receptors have been identi-
fied in endometrium [15]. The above suggestion seems
to contrast with the finding of decreased expression of
vitamin D binding protein (VDBP) in the ff of IVF suc-
c e s sg r o u pr e p o r t e db yE s t e sa n dc o l l e a g u e s[ 1 6 ] .T h i s
discrepancy is difficult to explain, and more data are
needed to elucidate it. However, it is important to note
that in the report by Ozkan a significantly higher num-
ber of embryos were transferred in the IVF success
group compared to the IVF failure group. Although a
multivariate regression analysis was performed to show
that vitamin D levels in ff independently determined the
IVF outcome, the total number of cases was small to
draw solid conclusions. Furthermore, in that study [14],
the quality of embryos transferred in relation to vitamin
D levels was not investigated.
According to the present data, upon increase of ff
vitamin levels a small non-significant increase of col-
lected oocytes was observed (Table 1). Although the
CES was similar between the three groups, the MSEQ of
group C was significantly lower than that of groups A
and B (p < 0.05), suggesting that embryos in group C
were of poor quality. Taking into account the observed
significant negative association between vitamin levels
and the quality of embryos (Figure 2) we may hypothize
that ff vitamin levels possibly reflect the quality of
embryos. It appears that ff vitamin levels, out of the
normal range, have a negative impact on the develop-
mental capability of embryos. This effect seems to be
even more critical on IVF outcome. Increased ff vitamin
levels via the poor quality of produced embryos may
result in a poor IVF outcome. The mechanism that
vitamin levels exert such an action remains to be inves-
tigated, but it appears that glucose levels have a pivotal
role in this pathway.
The physiological role of glucose metabolism in regard
to reproduction has been determined by several research-
ers [12,17], but there is no data on the impact of vitamin
levels on glucose metabolism. The ff glucose levels were
different between the three groups (p < 0.05), suggesting
that higher levels of vitamin D corresponded to lower
levels of ff glucose. High serum vitamin concentrations
probably increase the utilization of insulin, resulting in
the proper metabolism of glucose. In contrast to the
comparable serum glucose concentrations, significant dif-
ferences in ff glucose concentrations between the three
groups of women were observed. The explanation for
this contrast lays in the fact that the lower ff glucose con-
centrations are influenced not only by the higher vitamin
levels (thus increased glucose transportation into granu-
losa-cumulus cell complex) but also by the presence of
other factors which are responsible for follicle/oocyte
maturation. It seems that the interaction between extra-
ovarian and intra-ovarian factors determine the fate of
the follicle and the quality of the oocyte. Nevertheless,
glucose concentrations too low or too high are detrimen-
tal for oocyte maturation and growth of granulosa and
cumulus cells affecting directly the oocyte competence
[12,17]. According to our results it seems that high ff
vitamin concentrations (>30 ng/ml), probably affecting
i n s u l i na c t i o nr e s u l t e di nm o d u l a t i o no ff fg l u c o s em e t a -
bolism. This situation seems to be undesirable, since it
appears to have directly negative impact on oocyte and
embryo quality and subsequently on IVF outcome.
Women with vitamin D deficiency (group A) appear to
react as women with sufficient vitamin D levels (group
B). Women with hypervitaminosis D (group C) during
assisted reproduction cycles are associated with poor IVF
result, something which in line with the significant higher
(p < 0.05) vitamin D levels of IVF failure women as com-
pared to the respective levels of IVF success women.
Data about the role of vitamin D in follicle function are
lacking in women, however, a study in vitamin D recep-
tor null mutant mice suggested that vitamin D is essential
for full gonadal function in both sexes [18].
The measurement of 25-OH vitamin D levels in combi-
nation with glucose levels are reported for the first time
in women undergoing IVF-ET treatments. It seems that
increased ff 25-OH vitamin D levels in combination with
the decreased ff glucose levels have a negative impact on
embryo quality and therefore on IVF outcome.
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